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[57] ABSTRACT 
In an ethanol fermentation process in which an aqueous 
solution of fermentable sugar is converted by an 
ethanol-producing microorganism such as a yeast to a 
dilute aqueous solution of ethanol with the ethanol 
being present in the solution at a concentration which 
does not exceed a predetermined maximum level, an 
improvement is provided which comprises selectively 
sorbing ethanol present in the solution within a hydro 
philic crystalline aluminosilicate ZSM-S or HZSM-S 
zeolite so that the non-sorbed ethanol present in the 
solution does not exceed the predetermined maximum 
level of concentration therein, and thereafter removing 
sorbed ethanol from the zeolite. 

10 Claims, 1 Drawing Figure 
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FERMENTATION PROCESS 

BACKGROUND OF THE INVENTION ‘ y' 

l. Field of the Invention , 
This invention belongs to the ?eld .of fermentation 

processes'and, more particularly, to the fermentative 
conversion of sugars derived from such sources as 
grains, tubers, starch legumes, sugar cane, agricultural 
wastes, municipal wastes, wood, sawdust, bark, and the 
like, to ethanol. 

2. Description of the Prior Art 
In recent years, considerable attention has‘been given 

to the conversion of biomass to liquid fuels and chenii 
cals. Biomass offers the potential to replace or supple-i 
ment dwindling reserves of non-renewable fossil fuels 
with fuels derived from vegetative, and therefore, re-‘ 
newable, carbon-containing sources such as amylaceous" 
grains and tubers, sugar cane, wood and other c‘ellulosic 
sources including cellulose-containing municipal wastes‘ 
(newsprint, cardboard, etc), and similar materials'The 
carbohydrate contained in the foregoing materials‘lis 
?rst hydrolyzed to fermentable sugar such ‘as glucose 
(dextrose), fructose, maltose and sucrose, and‘ the‘fe‘r 
mentable sugar is thereafter converted by fermentation 
to ethanol. Hydrolysis and fermentation can be carried 
out in individual vessels or side-by-side in a single‘ vesl’ 
sel. It is well known that the maximum concentration of 
ethanol which can be achieved by fermentation i's lim-' 
ited by the tolerance of the ethanol-‘producing microor 
ganisms, e.g., brewers’ yeast, Clostridium sp., etc.,' for 
ethanol such that as the concentration of the ‘ethanol: 
increases, the ability of the microorganisms to convert 
further quantities of fermentable sugar to ethanol die-r 
creases. At ethanol concentrations above 2% by weight 
of the fermentation medium, the rate of fermentation 
begins to decline noticeably with the fall-off in produc 
tion being particularly apparent'whe'n the 5% level'has 
been exceeded. At ethanol concentrations of ‘ about 
10-12%, fermentation ceases and so this level‘of ethanol 
represents an inherent limitation on the productivity~of 
fermentation processes. ' ' ~ ' 

In order to achieve maximum production of ethanol 
from a given volume of fermentation equipment, it is 
desirable to limit the concentration of ethanol ‘in the 
fermenter to no higher than about 5%, and preferably, 
no higher than about 2%. With current fermentation 
procedures, this has been impractical since it requires 
processing unacceptably large quantities of liquid. It has‘ 
been proposed to operate fermenters under vacuum: so 
that the ethanol will volatilize as soon as it is produced 
thereby making it possible to maintain a low concentra 
tion of ethanol in an on-going fermentation. However, 
vacuum fermentation equipment is expensive to'fab'kril 
cate, use and maintain and its commercial practicality 
has therefore yet to be established. ‘ 

SUMMARY OF THE INVENTION 

In accordance with the present invention, in an etha 
nol fermentation process in which an aqueous solution 
of fermentable sugar is converted'by an ethanol-produc 
ing microorganism to a dilute aqueous solution of etha 
nol with the ethanol being present in 'the solution at a 
concentration which does not exceed ‘a predetermined 
maximum level, an improvement‘ is provided which 
comprises selectively sorbing ethanol present in the 
solution within a hydrophobic ‘crystalline aluminosili 
cate zeolite so that the non-sorbed ethanol present in the 
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2 
solution does not exceed the predetermined maximum 
level of concentration therein, and thereafter desorbing 
sorbed ethanol from the zeolite. 
Employing the process of this invention, it is possible 

to carry out the fermentative conversion of fermentable 
sugar to ethanol while maintaining the low concentra 
tions of ethanol which are conducive to optimum rates 
of ethanol production. 
The economy and ef?ciency with which fermenta 

tion ethanol is produced herein makes such ethanol a 
particularly attractive starting material for conversion 
to hydrocarbons including gasoline boiling range prod 
ucts employing crystalline aluminosilicate zeolite cata 

. lysts.' Conversion processes of this type have been the 
‘ subject of numerous prior-art disclosures. For example, 
U.S. Pat. No. 3,928,483 discloses a process for the pro-, 
duction of aromaticlrich gasoline boiling range hydro-j 
carbons frornllowe'r'al’clohols such as methanol, ethanol, 
propanol and corresponding ethers. The process is car 

' riedout'in't'iwo ‘oi-‘more stages wherein the alcohol or 
ether is contacted with a'_,condensation catalyst to pro 
duce aliphatic dehydration products and water. The 
dehydration product is thereafter converted to gasoline 
boiling hydrocarbons by‘cqntact with a crystalline alu 
minosilicate vzeolite providing a silica-to-alumina ratio 
greater than 12, a constraint index, as hereinafter de 
?ned, within therange of 1 to 12 and a pore dimension 
greater than :5 Angstroms. Other U.S. patents describ 
ing related conversion processes include U.S. Pat. Nos. 
3,894,107; 4,138,442; 4,138,440; and, 4,035,430. Others 
include.U.S.~-Pat. No. 3,979,472 which discloses the 
utilizationofza modi?edvzeolite catalyst comprising the 
zeolite material in‘ admixture with an antimony com 
pound..U.S. Pat. No. 4,148,835 discloses the methanol 
conversion-reaction in the presence of a zeolite contain 
ing a Group 2B and a Group VIII metal and magne 
sium; while-U.S. Pat. No. 4,156,698 discloses employing 
an improved rare-earth containing zeolite catalyst in the 
conversion process. Each of the U.S. patents referred to 
above are incorporated by reference herein. ’ 

Since the class of zeolite catalysts which is useful in 
the processes of the foregoing U.S. patents include the 
very same class of, Zeolites. which is useful‘in the selec 
tive sorption-of ethanol from dilute aqueous fermenta 
tion media accordingto this invention, and since the 
by-product gases resulting from the catalytic conver 
sion of ethanol to gasoline in such prior processes pro 
vide a convenient vehicle for desorbing sorbed ethanol 
from the zeolite and carrying the desorbed ethanol to 
the 'catalytic reactor for conversion to gasoline,‘ the 
process herein when‘ coupled with any of the known 
hydrocarbon conversion‘ processes offers a valuable 
overall route to the conversion of biomass to ‘motor 

DESCRIPTION OF THE PREFERRED 
EMBODIMENTS 

Processes by which fermentable sugar can be con 
verted to ethanol under the action of ethanol-producing 
microorganisms are well known and consequently do 
not constitute a part of the'invention per se. Illustrative 
of batch fermentation processes which can be used in 
the practice of this invention are those described in U.S. 
Pat. Nos. 2,054,736; 3,022,225; and 3,845,218, each of 
which is incorporated by reference herein. Fermenta 
tion processes of the continuous type and/or apparatus 
suitable therefor which can be employed in this inven 
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7 tion include those described in U.S. Pat. Nos. 2,155,134; 
2,371,208; 2,967,107; 3,015,612; 3,078,166; 3,177,005; 
3,201,328; 3,207,605; 3,207,606; 3,219,319; ~ 3,234,026; 
3,413,124; 3,528,889; 3,575,813; 3,705,841; 3,737,323; 
and 3,940,492, each of which is incorporated by refer 
ence herein. - > 

In the preferred practice of the invention, the concen 
tration of aqueous ethanol in the fermentation zone is 
maintained at a level which does not exceed a predeter 
mined maximum level, preferably not in excess of about 
5% by weight of the aqueous solution, and more prefer 
ably, not in excess of about 2% by'weight of the aque 
ous solution, by intermittently or continuously with 
drawing a portion of aqueous ethanol from the fermen 
tation zone before the concentration of ethanol therein 
has exceeded the given maximum level, contacting the 
portion of aqueous ethanol so withdrawnwith a hydro 
phobic crystalline aluminosilicate zeolite as hereinafter 
more fully described to effect sorption of ethanol within 
the zeolite and thereafter desorbing the ethanol‘ from 
thezeolite, preferably by stripping the ethanol from the 
zeolite at elevated temperature with a gas which is inert 
under process conditions. ~ . 

The crystalline aluminosilicate zeolites herein consti 
tute an unusual class of natural and synthetic minerals. 
They are characterized by having a rigid crystalline 
framework structure composed of an assembly of sili 
con and aluminum atoms, each surrounded by a tetrahe 
dron of shared oxygen atoms, and a precisely de?ned 
pore structure. Exchangeable cations are present in the 
pores. ‘ v 

, The preferred zeolite sorbants of .this invention are 
selected from a recently discovered novel and-special 

' class of zeolites with unusual properties; These zeolites 
are also'lk'nown to induce profound transformations of 
aliphatic-hydrocarbons to‘ aromatic hydrocarbons in 
commercially desirable yields and are generally highly 
effective in alkylation, isomerization, disproportion 
-ation and other-reactions involvingaromatic hydrocar 
bons. ‘: . 

.» An important characteristicof the crystal structure of 
this ‘class of zeolites is that it provides constrained ac 
cess to, and egress from, the intra-crystalline free space 
by .virtue of having a pore dimension‘ greater than about 
5 Angstroms and pore windows of about a size such as 
would be provided by IO-membered rings of 1 oxygen 
atoms. It is to be understood, of course, that these rings 
are those formed by the-regular disposition of the tetra 
hedra making up the anionicframework of the crystal 
line aluminosilicate, the oxygen atoms themselves being 
bonded to the silicon or aluminum atoms-at the centers 
of the tetrahedra. Brie?y, the preferred zeolites useful in 
this invention possess, in combination: a silica to alu 
mina ratio of at least about 12; and a structure providing 
constrained access to the crystalline free space. 
The silica to alumina ratio referred to may be deter 

mined by conventional analysis. This ratio is meant to 
represent,‘as closely as possible, the ratio in the rigid 
anionic framework of the zeolite crystal and to exclude 
aluminum in the binder or in cationic or other form 
within the channels. Although zeolites with a silica to 
alumina ratio of at least 12 are useful, it is preferred to 
use zeolites having ratios of from about 50 to about 100 
and even higher. Thus, zeolites having a silica to alu 
mina ratio of 10,000 or more are entirely useful ethanol 
sorbants. The foregoing zeolites possess an intracrystal 
line sorption capacity for ethanol which is greater than 
that for water, i.e., they exhibit “hydrophobic” proper 
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4 
ties. This hydrophobic character is essential to the pres 
ent invention as it permits the zeolites to selectively sorb 
ethanol from dilute aqueous solutions. In general, hy 
drophobicity, and therefore selectivity for ethanol, in 
creases with an increase in the silica to alumina ratio. 
However, countering such increase in selectivity is an 
accompanying decrease in sorption capacity and sorp 
tion rate and an increase in equilibration time, i.e., the 
time required to sorb a maximum quantity of ethanol. 
Accordingly, the choice of zeolite employed herein will 
depend in part upon the purpose to which the sorbed 
ethanol will ultimately be put. If, for example, the etha 
nol (following desorption) is to be converted to ethyl 
ene and/or other light ole?ns employing known con 
version procedures, the use of a zeolite having a rela 
tively low silica to alumina ratio which sorbs ethanol at 
a relatively low ratio, but with short equilibration times, 
could be more economical than the use of a zeolite 
having a relatively high silica to alumina ratio since 
ole?n conversion operates satisfactorily with ethanol 
feed streams of low concentration.‘ If, however, conver 
sion of the ethanol to‘gasoline' and/or aromatics is de 
sired, a zeolite of relatively high silica to alumina ratio 
could be considered the preferred candidate since 
known gasoline/aromatic conversion processes favor 
the use of ethanol feeds of relatively high ethanol con 
centration. ' 

The class of preferred zeolites'herein is exempli?ed 
by ZSM-S, ZSM-ll, ZSM-12, ZSM-2l, and other simi 
lar materials. U.S. Pat. No. 3,702,886 describing’and 
claiming ZSM-5 is incorporated herein by reference. 
ZSM-ll is more particularly described in U.S. Pat. 

No. 3,709,979, the entire contents'of which are incorpo 
rated=herein by reference.‘ - 

. ZSM-12 is more particularly described in U.S. Pat. 
No. 3,832,449, the entire contents of which are incorpo 
rated herein by reference. ‘1 ' - 

The class ‘of preferred zeolites herein is exemplified 
by ZSM-S, ZSM-l 1, ZSM-12, ZSM-21, and other simi 
lar materials. U.S. Pat. No.‘ 3,702,886 describing and 
claiming ZSM-5 is incorporated herein by reference. 
ZSM-ll is more particularly described in U.S. Pat. 

No. 3,709,979, the entire contents of which are incorpo 
rated herein by reference. ' ' I 

‘ ZSM-l2 is more particularly described in U.S. Pat. 
No. 3,832,449, the entire contents of which are incorpo 
rated herein by reference. 2 . 

Evidence has been adduced which suggests that 
Z_SM—21 may be composed of at least two different 
zeolites designated ZSM-35. and ZSM-38, one or both of 
which are the effective material insofar as the catalysis 
of this invention is concerned. ZSM-35 is described in 
U.S. Pat. No. 4,016,245 and ZSM-38 is described in U.S. 
Pat. No. 4,046,859. 

. The speci?c zeolites described, when prepared in the 
presence of organic cations, lack signi?cant sorptive 
capability,‘ possibly because the intracrystalline free 
space is occupied by organic cations from the forming 
solution. They may be activated by heating in an inert 
atmosphere at 1000‘ F. for one hour, for example, fol 
lowed by base exchange with ammonium salts followed 
by calcination at 1000° F. in air. The presence of or 
ganic cations in the forming solution may not be abso 
lutely essential to the formation of this special type of 
zeolite. Moregenerally, it is desirable to activate this 
type zeolite by base exchange with ammonium salts 
followed by calcination in air at about ,1000° F. for from 
about 15 minutes to about 24 hours. 
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Natural zeolites may sometimes be converted to-this 
type zeolite by various activation procedures andother 
treatments such as base exchange, steaming, alumina 
extraction and calcination, alone or in combinations. 
Natural minerals which may be so treated include ferri 
erite, brewsterite, stilbite, dachiardite, epistilbite, heu 
landite and clinoptilolite. The preferred crystalline alu 
minosilicates are ZSM-5, ZSM-l1, ZSM-l2 and ZSM 
21, with ZSM-5 particularly preferred. ~ I ‘ 

The zeolites used as sorbents in this invention may be 
in the hydrogen form (indicated by the pre?x letter H as 
in H-ZSM-S) or they may be base exchanged or impreg 
nated to contain ammonium or a metal cation comple 
ment. It is desirable to calcine the zeolite after base 
exchange. The metal cations that may be present in 
clude any of the cations of the metals of Groups I 
through VIII of the periodic table. 

Following sorption of- ethanol from the diiuteaque 
ous fermentation medium, the ethanol is removed, or 
desorbed, from the zeolite preferably in a stripping 
operation employing a gas which is inert _to ethanol. 
Fermentation produces fairly large quantities of carbon 
dioxide gas which can be effectively employed in strip 
ping sorbed ethanol from the zeolite. Other usefulv gases 
include nitrogen, steam, by-product- gasfrom a hydro 
carbon conversion reactor (e.g., a mixture of hydrogen, 
methane and ethane), and the like. The last mentioned 
gas is especially preferred when the desorbed ethanol is 
to undergo conversion to hydrocarbons since such gas, 
in addition to serving as a carrier medium for the etha 
nol feed, also serves to remove heat generated inathe 
converter and to use this heat in ‘the desorption step. 
One such conversion process which is particularly pre 
ferred for use with the present'invention/is the gasoline 
hydrocarbon process of U.S. Pat. No. 3,928,483 'which 
is incorporated by reference herein.. ' . 

Briefly described, ethanol is converted-in accordance 
with U.S. Pat. No. 3,928,483 to gasoline boiling-range 
hydrocarbons which can be made to contain greater or 
lesser quantities of aromatic components depending 
upon the speci?c process conditions selected. In‘ the 
?rst stage, the ethanol is contacted with a dehydration 
catalyst to produce water and a predominantly aliphatic 
organic intermediate product which is largely ole?ns. 
In the last stage, the intermediate product, with or with 
out further modi?cation, is contacted with‘a crystalline 
aluminosilicate zeolite catalyst having a silica to alu 
mina ratio of at least 12 and a constraint index of l to 12 
as de?ned below to convert the intermediate product to 
a ?nal product which may contain water. The organic 
portion of this ?nal product is a hydrocarbon mixture 
having a preponderance of normally fluid hydrocarbon 
constituents and as previously stated can contain sub 
stantial quantities of aromatics, in the gasoline boiling 
range of up to 415° F. The reactor effluent also contains 
by-product gas which is advantageously used to desorb 
fermentation ethanol as previously described. 
Another conversion process which is readily inte 

grated with the fermentation process herein is described 
in U.S. Pat. No. 3,894,107, also incorporated by refer 
ence herein. According to this process, ethanol is di 
rectly contacted with a crystalline aluminosilicate zeo 
lite catalyst having a silica to alumina ratio of vat least 
about 12 and a constraint index of about 1 to 12 at an 
elevated temperature up-to about 1,000" F. under such 
combination of temperature, pressure and space veloc 
ity to effect conversion of the ethanol to organic com 
pounds having a higher carbon to oxygen ratio than 
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6 
ethanol. By-product gas also results from this conver 
sion and can likewise be used to desorb fermentation 
ethanol in accordance with this invention. 

, The same-zeolites which are used for catalyzing-the 
conversion processes described in aforesaid U.S. Pat. 
Nos. 3,928,483 and 3,894,107 are also useful in the sorp 
tion of fermentation ethanol from dilute aqueous solu 
tion as practiced in the present invention. However, the 
zeolites in their role as catalysts are further character 
ized as possessing a constraint index of l to 12. Catalyti 
ca'lly‘ active crystalline aluminosilicate zeolites must 
provide constrained access to larger molecules. While it 
is sometimes possible to judge from a known crystal 
structure whether such constrained access exists, a sim 
ple determination of the “constraint index” may be 
made by passing continuously a mixture of equal weight 
of normal hexane and 3-methylpentane over a small 
sample, approximately I gram or less, of zeolite at atmo 
spheric pressure according to the following procedure. 
A sample of the zeolite, in the form of pellets or extrud 
ate, is crushed to a particle size about that of coarse sand 
and mounted in a glass tube. Prior to testing, the zeolite 
is treated with a stream of air at 1000" F. for at least 15 
minutes. The zeolite is then flushed with helium and the 
temperature adjusted‘ between 550° F. and 950° F. to 
give an overall conversion between 10% and 60%. The 
mixture of hydrocarbons is passed at 1 liquid hourly 
space velocity (i.e., 1 volume of hydrocarbon per vol 
ume of zeolite per hour) over the zeolite with a helium 
dilution to give a helium to total hydrocarbon mole 
ratio of 4:1. After 20 minutes on stream, a sample of the 
effluent is taken and analyzed, most conveniently by gas 
chromatography, to determine the fraction remaining 
‘unchanged for each ‘of the two hydrocarbons. 

. The "constraint index" is calculated as follows: Con 
straint Index=log1o (fraction of -n-hexane' remaining) 
/log10 (fraction of 3-methylpentane remaining) 
The constraint index approximatesv the ratio of the 
cracking rateconstants for the'ratio of the cracking rate 
constants for the two hydrocarbons. Zeolites suitable 
for use as catalysts in the conversion processes of U.S. 
Pat. Nos. 3,928,483 and, 3,892,107 are those having a 
constraint index from 1.0 to 12.0, preferably 2.0 to 7.0, 
and are advantageously selected from the ZSM-5 and 
HZSM-S type zeolites. 
The process of the present invention integrated with 

alprocesstfor the conversion of fermentation ethanol to 
hydrocarbon fuels and chemicals is schematically illus 
trated in the attached drawing in which a sterile aque 
ous solution of one or more fermentable sugars obtained 
from the hydrolysis of carbohydrate derived from bio 
mass is introduced through line 10' to a fermenter 11 
containing a yeast such as Saccharomyces cerevisiae. The 
dilute aqueous solution of ethanol produced in fer 
menter 11 from which most of the yeast has been re 
moved is withdrawn therefrom through line 13 and 
introduced to ethanol sorption/desorption unit 14. Car 
bon dioxide produced during fermentation is vented 
through line 12. sorption/desorption unit 14, which 
contains a zeolite sorption medium, is operated in alter 
nate sorption/desorption cycles. In the sorption cycle, 
ethanol present in the dilute aqueous fermentation 
stream is sorbed into the zeolite. In the desorption cy 
cle, by-product gas from catalytic hydrocarbon con 
verter 17 passing through line 19 is introduced into unit 
14 to strip the ethanol from the zeolite, the desorbed 
ethanol being routed through line 16 together with said 
by-product gas into converter 17. The ethanol-depleted 
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aqueous solution in unit 14'is recycled to fermenter 11 
through line 15 to ‘dilute the fermentation medium and 
maintain the ethanol'conce'ntration therein‘at or below 
a predetermined vmaximum level. Ethanol is reacted 
over zeolite-catalyst in'conv‘erter 17 to provide a prod 
uct'hydroca'rbon effluent through line 18 and by-pro 
duct gas through line 19. ' ‘ 
The following examples are further illustrative of the ' 

process‘ of the present invention. 
._ EXAMPLES 142 

Two dilute aqueous solutions of ethanol simulating 
thel-ethanol-containing effluent from a fermenter were 
subjected to sorption at'room temperature with crystal 
line aluminosilicate zeolites of the HZSM-S type fol 
lowed by desorption at 130° C. The results of the sorp 
tions'for each ethanol solution were as follows: 

Example 1 Example 2 

12% by weight ethanol in . ~ 1.98 . 2.49 

aqueous-solution ' I . 5 ,_ . ‘_ 

v alumina ratio . _ . ' 70 .50,000 

Equilibration'Time(hours) <1 48 
% by‘weight ethanol sorbed - 10.94‘ 5.89 ' 
% by weight ethanol in l- 4 , 56.7- 100 a \ 

sorbedvphase .. 

As these data show‘, at the higher silicazalumina ratio, 
selectivity for ethanol was substantially 100% com 
pared with ‘56~.7% for the lower silicazalumina ratio 
zeolite. However, the reduced-sorptionicapacity and, 
sorption rate‘ of the‘ higher silicazalumina ratio zeolite-is 
evident in the’much ‘longer equilibration period for this 
zeolite compared ‘with the ’ zeolite of lower 
silicazalumina ratio:zeolite. 4 
What is claimed is:v ' - 

1; In an ethanol fermentation process in which an 
aqueous‘ solutionof‘ferm'entable sugar is converted by 
an ethanol-producing microorganism to carbon dioxide 
and a dilute aqueous solution of ethanol with the etha 
nol-gbeing present‘ in the» solution at a concentration 
which does not exceed a predetermined maximum level, 
said predetermined ‘maximum level of ethanol being 
selected to be that which is below the level of ethanol 
causing fermentation to substantially‘ cease, the im 
provem‘e‘nt comprising selectively sorbing ethanol pres 
ent in the'solu'tion-during fermentation within a'hydro 
phobic crystalline aluminosilicate ZSM-S or HZSM~5 
zeolite possessing a silica to alumina ratio of greater 
than about 12 so that theinon-‘sorbed ethanol present in 
the solution does not exceed-the predetermined maxi~ 
mum level of concentration therein, and thereafter de 
sorbing sorbed ethanol from the zeolite-by stripping said 
zeolite with the carbon dioxide obtained from the etha-" 
nol fermentation process. 1 

2. ‘The process of claim 1 wherein the pedetermined 
maximum level of ethanol in aqueous solution is about 
5% by weight of the solution. ' 

3; The process of claim _1 wherein the predetermined 
maximumv level of ethanol in aqueous solution is about 
2% by weight of the solution. 

4. The‘process of claim 1 wherein the hydrophobic 
crystalline aluminoslicate zeolite‘ possesses a silica to 
alumina ratio of from about 50 to about 100. 

> 5. The process of claim 1 wherein the hydrophobic 
crystalline aluminoslicate zeolite possesses a silica to 
alumina ratio of greater than'about 10,000. ' 
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6. The process of claim 1 wherein a portion of the 

dilute aqueous solution of ethanol is intermittently or 
continuously transferred to a sorption zone for contact 
with the hydrophobic crystalline aluminosilicate zeo 

‘ lite. 

7. An integrated process for converting fermentable 
sugar in aqueous solution to gasoline boiling range 
products which comprises: - 

(a) converting fermentable sugar present in an aque 
ous solution thereof under the action of an ethanol 
producing microorganism to provide a dilute aque 
ous solution of ethanol with the ethanol being pres 
ent in the solution at a concentration which does 
not exceed a predetermined maximum level, said 
predetermined maximum‘ level of ethanol being 
selected to be that which is below the level of 
ethanol causing fermentation to substantially cease; 

(b)'selectively sorbing ethanol present in the dilute 
aqueous ethanol 'solution- resulting from step (a) 

- ‘during‘fermentation within a hydrophobic crystal 
‘ line alumino-silicate ZSM-S or HZSM-S zeolite 
possessing ‘a silicato alumina ratio of greater than 

I about 12;‘ t' - v. v 

(c) desorbing fsorbed ethanol from said zeolite by 
stripping with a carrier gas; ' 

‘(m-‘contacting desorbed ethanolwith a dehydration 
catalyst to provide‘water and an aliphatic organic 
intermediate product comprising ole?ns; 

(e) separating water from said‘ aliphatic organic inter 
mediate product; * ' 

(l) contacting the": aliphatic organic intermediate 
. ‘ product'with a crystalline aluminosilicate ZSM-5 
or HZSM-S zeolite catalyst, said crystalline zeolite 
characterized by a pore dimension greater than 5 
Angstroms, a silica to alumina ratio greater than 12, 
and a constraint index within the range of l to 12, 
to effect conversion of said aliphatic organic inter 
mediate product to gasoline boiling range prod- ’ 
ucts, and by-product gas; and, 

(g) employing the by-product gas resulting from step 
‘ (f) as carrier gas in'desorbing step (c). 

8. The process of claim 7 wherein the predetermined 
maximum level of‘ ethanol in aqueous solution is about 
5% by weight of the solution. > ' ' 

9. An integrated process for converting fermentable 
sugar present in aqueous solution to organic compounds 
having a higher carbon to oxygen ratio'than ethanol 
which comprises: . ~ 

,(a) converting fermentable sugar present in an aque 
ous solution thereof under the action of an ethanol 
producing microorganism to provide a dilute aque 
ous solution of ethanolwith the ethanol being pres 
ent in the solution at a concentration which does 
not exceed a predetermined maximum level, said 
predetermined maximum ‘level of ethanol. being 
selected to be that which is below the ‘level of 
ethanol causing fermentation to substantially cease; 

(b) selectively sorbing‘ ethanol present in the dilute 
aqueous ethanol-‘solution resulting from'step (a) 
during fermentation within a hydrophobic crystal 
line aluminosilicate ZSM-S or HZSM-S "zeolite 
possessing a silica to alumina ratio of greater than 
about 12 'so that non-sorbed ethanol remaining in 
said dilute aqueous ethanol solution does not ex 
ceed the predetermined maximum level of concen 
tration therein;v 

(c) ' desorbing ' sorbed' ethanol from said zeolite by 
stripping with a carrier gas; ‘ 
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(d) contacting desorbed ethanol with a crystalline 
aluminosilicate zeolite catalyst having a silica to 
alumina ratio of at least about 12 and a constraint 
index of about 1 to 12 at an elevated temperature up 
to about 1000“ F. under such combination of tem 
perature, pressure and space velocity to effect con 
version of the ethanol to organic compounds hav 
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10 
ing a higher carbon to oxygen ratio than ethanol, 
and by-product gas; and, 

(e) employing the by-product gas resulting from step 
(d) as carrier gas in desorbing step (c). 

10. The process of claim 9 wherein the predetermined 
maximum level of ethanol in aqueous solution is about 
5% by weight of the solution. 


